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(57) ABSTRACT 

A method and a system of transmitting a binary data 
sequence in voice form, the system comprising a pilot 
oscillator (OS), an FSK type modulator circuit (3) receiving 
said sequence, an intermediate processor circuit (5), and a 
piezoelectric transducer A logic excitation signal is 
applied to the terminals (b1, b2) of the transducer (P) and is 
integrated by means of the capacitive portion of the imped 
ance of the transducer (P) so as to reconstitute an acoustic 
signal having a sinusoidal Waveform Which is emitted by the 
transducer (P) at a voice frequency Which differs depending 
on the logic state of the bit to be transmitted. 

8 Claims, 1 Drawing Sheet 
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METHOD AND SYSTEM FOR VOICE 
TRANSMISSION OF A BINARY DATA 
SEQUENCE FROM A PIEZOELECTRIC 

TRANSDUCER 

The present invention relates to a method and to a system 
for transmitting a binary data sequence in voice form from 
a piezoelectric transducer. 

It is noW common practice to use a memory card or 
“smart” card merely as a key for giving access to a service 
or as means for transferring information that can be con? 
dential or otherWise. 

In most intended applications, the access to a service or 
the transfer of information is preceded by executing an 
identi?cation protocol of the unidirectional or bidirectional 
type Which takes account at least of an identi?cation 
sequence that is prerecorded in a memory of the card. 

When access to a service is performed remotely, it is 
knoWn to make use of “voice” cards in Which the identi? 
cation sequence is converted into a sound signal Which is 
transmitted over a telephone line via the microphone of the 
telephone handset. 

In general, the identi?cation sequence is transmitted via 
a pieZoelectric transducer after being subjected to modula 
tion of the frequency shift keying (FSK) type. Such modu 
lation consists in emitting a carrier Wave at a voice fre 
quency that differs depending on the logic state of the bit to 
be transmitted. The term “voice frequency” is used to mean 
any frequency lying in the passband of the telephone net 
Work. That type of modulation is accepted as being the most 
suited for transmitting data by acoustic coupling With a 
telephone, because said modulation is relatively insensitive 
to noise or variation in the amplitude of the emitted signal. 

The logic signal that results from FSK as applied to the 
pieZoelectric transducer has a square Waveform Which is 
detrimental to good acoustic conversion. A squareWave 
signal generates numerous harmonics at levels that are 
almost as high as the level of the fundamental frequency. 
Such harmonics disturb transmission and are particularly 
disagreeable to the ear. 

The object of the invention is to design a transmission 
method Which mitigates the above-mentioned draWbacks 
While providing other advantages. 

To this end, the invention provides a method of trans 
mitting a binary data sequence in voice form from a pieZo 
electric transducer, the method being characteriZed in that it 
consists: 

in de?ning a sineWave signal from a stream of pulses each 
having a logic “0” or a logic “1” state; 

in generating a sampling frequency that differs depending 
on the logic state of the bit of the sequence that is to be 
transmitted; 

in reading the stream of logic pulses at the sampling 
frequency corresponding to the logic state of the bit to 
be transmitted so as to obtain an intermediate logic 
signal; 

in applying the intermediate logic signal alternately to one 
and then to the other of tWo input terminals of a 
pieZoelectric transducer, at a voice frequency that dif 
fers depending on the logic state of the bit to be 
transmitted, so as to obtain a logic excitation signal 
made up of a positive half-cycle and of a negative 
half-cycle; 

in reconstituting an acoustic signal having a sinusoidal 
Waveform from the logic excitation signal by making 
use of the capacitive portion of the impedance of the 
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2 
pieZoelectric transducer, in particular in the vicinity of 
its resonant frequency; and 

in causing the transducer to emit the acoustic signal of 
sinusoidal Waveform at the voice frequency Which 
corresponds to the logic state of the bit to be transmit 
ted. 

In the method, the sineWave signal can be de?ned from a 
stream of i logic pulses corresponding to a positive or a 
negative half-cycle of the signal, by storing said stream of 
pulses in an i-bit rotary register, and by reading said register 
at the sampling frequency corresponding to the logic state of 
the bit to be transmitted. 

In a variant, the sineWave signal can be de?ned from a 
stream of j logic pulses corresponding to a positive or a 
negative quarter-cycle of the signal, by recording said 
stream of pulses in a j-bit rotary register, and by reading said 
register from left to right and then from right to left at the 
sampling frequency corresponding to the logic state of the 
bit to be transmitted. 

It is important to emphasiZe that the method has been 
designed to operate on logic signals only and using a single 
time base, thereby providing the particular advantage of 
being suitable for implementation using logic circuits that 
are simple, reliable, and of loW cost. 
Any analog solution Would necessarily give rise to a 

physical embodiment that is complex, not-robust, and 
expensive. 
The invention also provides a system for implementing 

the method, such a system being easily integrated in a voice 
type memory card of standard dimensions. 

Other advantages, characteristics, and details of the inven 
tion appear from the description beloW given With reference 
to the accompanying draWing, given purely by Way of 
example, and in Which: 

FIG. 1 is a block diagram of a system of the invention for 
transmitting a binary data sequence in voice form; 

FIG. 2 is a graph shoWing a conventional method of 
sampling for de?ning a sineWave signal using a succession 
of logic pulses; 

FIG. 3 is a graph shoWing a different sampling method 
used in the transmission system of the invention; and 

FIG. 4 is a block diagram of the transmission system of 
the invention as integrated in a voice type memory card. 
The transmission system 1 shoWn in FIG. 1 is designed to 

transmit a binary data sequence in voice form from a 
pieZoelectric transducer P. 

The transmission system 1 comprises in particular: 
a pilot oscillator OS Which delivers a periodic signal of 

frequency F0; 
an FSK type modulator circuit 3 connected to the oscil 

lator OS and also receiving the binary data sequence for 
transmission, so as to generate a different sampling 
frequency Fel or Fe2 depending on the logic state of 
the bit to be transmitted; 

an intermediate processing circuit 5 connected to the 
modulator circuit 3 to generate an intermediate logic 
signal; and 

the pieZoelectric transducer P Whose tWo input terminals 
b1 and b2 are connected to the intermediate processor 
circuit 5 via a sWitch circuit C to apply the intermediate 
logic signal in alternation on each of the input terminals 
b1 and b2 at a voice frequency that differs depending on 
the logic state of the bit to be transmitted. 

The FSK type modulator circuit 3 is constituted, for 
example, by a divide-by-m circuit and by a divide-by-n 
circuit, and the tWo divider circuits are associated With logic 
states “0” and “1”, respectively. 
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In general, the intermediate circuit 5 operates on logic 
signals only, and its function is to generate an intermediate 
logic signal Which is applied to the pieZoelectric transducer 
P and Which enables it to reconstitute an acoustic signal 
having a sinusoidal Waveform from said logic signal and to 
emit the sineWave signal at a voice frequency corresponding 
to the logic state of the bit to be transmitted. 

Before describing the intermediate circuit 5, it is helpful 
to refer to FIG. 1 Which shoWs a conventional sampling 
method that makes it possible to de?ne and to reconstitute a 
sineWave signal from a digital data stream, Where the data is 
represented by voltage levels. In the example shoWn, each 
voltage level A of the signal is encoded on four bits, for 
example, giving sixteen levels in all, and one period of the 
signal is de?ned by thirty-tWo samples. In this method of 
sampling, the main difficulty lies in generating the voltage 
levels A in analog manner. 

In contrast, in a novel method of sampling implemented 
by the intermediate circuit 5, a sineWave signal can be 
de?ned and reconstituted from pulses having logic states “0” 
and “1”. These logic pulses, e.g. thirty-tWo of them, are 
selected in such a manner as to convey a quantity of energy 
that is equivalent to that of a sineWave. Speci?cally, the 
sineWave signal is de?ned by a succession of i pulses each 
having a logic state “0” or “1”, said logic pulses enabling at 
least one positive or negative half-cycle of the sineWave 
signal to be reconstituted. 

In a variant, the sineWave signal is de?ned using j logic 
pulses to reconstitute at least one positive or negative 
quarter-cycle of the sineWave signal. Thus, as shoWn in FIG. 
3, a positive or a negative quarter-cycle of the sineWave 
signal can be de?ned using a stream of eight logic pulses 
having the folloWing states: “00101111”; it then suf?ces to 
record these eight logic states in a rotary eight-bit register 
and thereafter to read said register from left to right and then 
from right to left in order to reconstitute a positive or a 
negative half-cycle of the sineWave signal. 

The frequency of the sineWave signal that is obtained 
depends on the sampling frequency, ie on the frequency at 
Which the register is read. Thus, FSK modulation is imple 
mented by alternating tWo different values for the sampling 
frequency. In addition, the Waveform of the signal is easily 
modi?ed since it depends solely on the Way the rotary 
register is programmed. 

In general, it is the capacitive portion of the impedance of 
the pieZoelectric transducer P that is used, making the 
transducer perform an integration function so as to recon 
stitute a sineWave acoustic signal from the logic pulses 
applied thereto by the intermediate circuit 5, it being under 
stood that this impedance becomes essentially capacitive 
When the transducer P is excited close to its resonant 
frequency. 

Speci?cally, With reference to FIG. 1, the intermediate 
circuit 5 comprises an eight-bit rotary register R storing the 
eight logic states “00101111” that de?ne a positive quarter 
cycle of the sineWave signal shoWn in FIG. 3. The register 
R is connected to the input of a sWitch circuit C Whose tWo 
outputs are connected to respective ones of the input termi 
nals b1 and b2 of the pieZoelectric transducer P. The inter 
mediate circuit 5 also comprises a stage D for generating a 
frequency on the basis of the sampling frequency Fe1 or Fe2 
as delivered by the modulator circuit 3. This stage D 
comprises a divide-by-sixteen circuit D1 and a divide-by 
thirty-tWo circuit D2 Which divide the received sampling 
frequency Fe1 or Fe2. The frequency Fe1/16 or Fe2/16 
drives the direction in Which the rotary register R is read, 
While the frequency Fe1/32 or Fe2/32 drives the sWitch 
circuit C. 
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4 
With reference to FIG. 4, the transmission system also has 

a memory M of EEPROM type in Which the binary data 
sequence for transmission is stored, together With a control 
circuit MP Which causes the entire transmission system to 
operate in response to a key T, for example. Such a trans 
mission system can be integrated in a voice type memory 
card 10 of standard dimensions. 
The transmission system is activated by the key T. The 

oscillator OS delivers a frequency F0 and the binary data 
sequence stored in the memory M is transferred serially to 
the modulator circuit 3. 
At its output, the modulator circuit 3 generates a sampling 

frequency Fe1 or Fe2 depending on the logic state of the 
sequence bit to be transmitted. 
Assume that the logic state of the bit to be transmitted is 

“0”. 
The modulator circuit 3 uses its divide-by-m circuit to 

emit a sampling frequency Fe1=F0/m. This frequency Fe1 is 
applied to the intermediate circuit 5 for reading the contents 
of the register R in Which the eight logic states “00101111” 
are stored. The direction in Which the register R is read is 
driven at the frequency Fi1=Fe1/16 as delivered by the 
divider circuit D1 of the stage D. Thus, the register R Will 
be read at the frequency Fe1 from left to right and then from 
right to left With a change in reading direction that takes 
place once every eight clock pulses at the frequency Fe1. 

Thus, an intermediate logic signal is obtained at the 
frequency Fe1 and this signal is received by the sWitch 
circuit C so as to be applied in alternation on one or the other 
of the tWo input terminals b1 and b2 of the pieZoelectric 
transducer P at a voice frequency Fs1 corresponding to the 
logic state “0” of the bit to be transmitted. This frequency is 
determined by the divider circuit D2 of the stage D Which 
controls the sWitch circuit C, ie the frequency Fs1=Fi1/2= 
Fe1/32. 

Thus, the intermediate logic signal is applied to the 
terminal b1 of the transducer P, and then to the terminal b2 
every sixteen clock pulses as de?ned by the frequency Fe1, 
and the terminal b1 or b2 to Which the intermediate logic 
signal is not being applied is maintained at a potential of 
Zero volts so as to make it possible to apply a logic excitation 
signal to the transducer P Which is made up of one positive 
half-cycle and one negative half-cycle, ie the same signal 
half-cycle but of opposite polarity. 
The pieZoelectric transducer P thus receives an interme 

diate logic signal Which has a Waveform as shoWn in FIG. 
3, and the capacitive portion of the impedance presented by 
the transducer P is advantageously made use of to integrate 
this intermediate logic signal so as to obtain an acoustic 
signal of sinusoidal Waveform for exciting the transducer P. 
The transducer P thus emits the acoustic signal at a voice 

frequency Fs1=Fe1/32 corresponding to the logic state of the 
bit to be transmitted. 

To transmit a logic “1” state, the modulator circuit 3 
delivers the sampling frequency Fe2 using the divide-by-n 
circuit, and operation continues on the identical principle to 
that described above but causing the transducer P to output 
an acoustic signal at a voice frequency Fs2=Fe2/32. 
By Way of example, for a pieZoelectric transducer having 

a resonant frequency of about 2 kHZ, the frequency F0 is 
selected to be 134.4 kHZ, giving the folloWing: 

Fe1=134.4/2 kHZ; 
Fe2=134.4/3 kHZ; 
Fs1=2100 HZ for logic state “0”; and 
Fs2 32 1400 HZ for logic state 1”. 
When the transmission system is integrated in a “voice” 

card (FIG. 4) of standard dimensions, the card can then be 
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used With a telephone handset to transmit a binary identi? 
cation sequence to a receiver connected to the telephone 
network. The receiver can be server to Which the user of the 
card is requesting access, With the access being enabled only 
after the server has authenticated the identi?cation sequence. 

In general, the identi?cation sequence comprises at least 
one identity speci?c to the card, Which can be associated 
With an authentication code corresponding to a cryptogram 
Ci calculated by the card and Whose value is the result of 
executing an iterative algorithm Which takes account at least 
one of the preceding cryptogram Ci_1. Such an identi?cation 
sequence is described in particular in French patent appli 
cation FR 96/01872. 

Transmitting such an identi?cation sequence can require 
emission of l successive frames each comprising k bytes, 
thus requiring the key T of the card 10 to be activated for a 
length of time that is not less than the time required for 
transmitting the 1 frames of the sequence. 

It is then possible to devise a transmission method and 
system such that activating the key T of the card 10 causes 
the 1 frames to be emitted respectively one after another so 
long as the key T continues to be activated, With the card 10 
terminating emission of the current frame after the key T has 
been released. 

Under such conditions, the transmission method and 
system can advantageously be associated With an audible 
response signal being emitted over the telephone line by the 
receiver once it has received the 1 frames of the identi?cation 
sequence correctly. As soon as the user hears this return 
signal in the earpiece of the telephone set, the user can 
release the key T of the card. Thereafter, access to the service 
requested by the user takes place only after the server has 
authenticated the identi?cation sequence after executing a 
protocol of the type described in the above-mentioned patent 
application, for example. 
What is claimed is: 
1. A method of transmitting a binary data sequence in 

voice form from a pieZoelectric transducer, the method 
comprising: 

de?ning a sineWave signal from a stream of pulses each 
having a logic “0” or a logic “1” state; 

generating a sampling frequency that differs depending on 
the logic state of the bit of the sequence that is to be 
transmitted; 

reading the stream of logic pulses at the sampling fre 
quency corresponding to the logic state of the bit to be 
transmitted so as to obtain an intermediate logic signal; 

applying the intermediate logic signal alternately to one 
and then to the other of tWo input terminals of a 
pieZoelectric transducer, at a voice frequency that dif 
fers depending on the logic state of the bit to be 
transmitted, so as to obtain a logic excitation signal 
made up of a positive half-cycle and of a negative 
half-cycle; 

reconstituting an acoustic signal having a sinusoidal 
Waveform from the logic excitation signal by making 
use of the capacitive portion of the impedance of the 
pieZoelectric transducer, in particular in the vicinity of 
its resonant frequency; and 

causing the transducer to emit the acoustic signal of 
sinusoidal Waveform at the voice frequency Which 
corresponds to the logic state of the bit to be transmit 
ted. 

2. Amethod according to claim 1, comprising de?ning the 
sineWave signal from a stream of i logic pulses correspond 
ing to a positive or a negative half-cycle of the signal, storing 
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6 
said stream of pulses in an i-bit rotary register, and reading 
said register at the sampling frequency corresponding to the 
logic state of the bit to be transmitted. 

3. A method according to claim 1, comprising de?ning the 
sineWave signal from a stream of j logic pulses correspond 
ing to a positive or a negative quarter-cycle of the signal, 
recording said stream of pulses in a j-bit rotary register, and 
reading said register from left to right and then from right to 
left at the sampling frequency corresponding to the logic 
state of the bit to be transmitted. 

4. A method according to claim 1, Wherein, to transmit a 
binary data sequence corresponding to an identi?cation 
sequence via a telephone handset and from a pieZoelectric 
transducer integrated in a voice type memory card and 
activated by a user using a key on the card, the method 
comprises: 

subdividing the identi?cation sequence into 1 successive 
frames each comprising k bytes; 

causing the pieZoelectric transducer to emit the 1 frames 
one after the other in repetitive manner so long as the 
key is activated; and 

causing the receiver to emit an audible return signal over 
the telephone line after it has correctly received the 1 
frames so as to inform the user that the key on the card 
can be released. 

5. A transmission system comprising: 
a pilot oscillator delivering a periodic signal of frequency 

F0; 
a modulator circuit of the FSK type connected to the pilot 

oscillator and also receiving the binary data sequence to 
be transmitted, so as to generate a sampling frequency 
that differs depending on the logic state of the bit to be 
transmitted; 

an intermediate processor circuit connected to the modu 
lator circuit to generate an intermediate logic signal; 
and 

a pieZoelectric transducer Whose tWo input terminals are 
connected to the intermediate processor circuit via a 
sWitch circuit for applying the intermediate logic signal 
alternately to one and to the other of the input terminals 
of the pieZoelectric transducer at a voice frequency that 
differs depending on the logic state of the bit to be 
transmitted so as to obtain a logic excitation signal 
made up of a positive half-cycle and of a negative 
half-cycle, the transducer integrating said logic signal 
so as to reconstitute an acoustic signal having a sinu 
soidal Waveform and emitting said acoustic signal at 
the voice frequency corresponding to the logic state of 
the bit to be transmitted. 

6. A system according to claim 5, Wherein the modulator 
circuit is constituted by tWo frequency divider circuits 
respectively for dividing by m and for dividing by n Which 
circuits are allocated to the logic states “0” and “1” respec 
tively. 

7. A system according to claim 5, Wherein the interme 
diate circuit comprises a multiple-bit rotary register storing 
logic states “0” or “1” corresponding to a succession of logic 
pulses Which de?ne a sineWave signal, the register being 
connected to the sWitch circuit, and Wherein the intermediate 
circuit also comprises tWo frequency divider circuits for 
driving respectively the direction in Which the rotary register 
is read and the sWitch circuit. 

8. A system according to claim 5, Wherein the system is 
integrated in a voice type memory card (10) of standard 
dimensions. 


